In all areas of medicine, decisions have to be made when the consequences of those decisions cannot be predicted with absolute certainty. This is particularly true in the specialities of Anaesthesia and Intensive Care. The patient may have an anaphylactic reaction to thiopentone, develop malignant hyperthermia after exposure to halothane, have a prolonged effect from suxamethonium, or develop life-threatening arrhythmias during the insertion of a Swan-Ganz catheter. In a previously unexposed patient with no predisposing history, the risk of anaphylaxis from thiopentone can be estimated and the benefits of its use can be weighed against the disadvantages. Once a decision involves more than a few probabilities of benefits and risk then a more formal approach must be used to determine the best course of action for the particular patient Decision analysis 1 • 3 is a technique for making decisions under conditions of uncertainty. It involves the generation of an explicit decision tree and then the analysis of that tree. It can be used to determine the best investigations to be used, the best therapy to give, or to perform benefit-cost analysis.
Anaesthesia and Intensive Care. Vol. 16. No. I. February. 1988 The answer provided by decision analysis will be that which has the highest probability of providing the best outcome. It will not guarantee that outcome. An analysis may have been done, for example, on the choice between two therapies for a certain disease. The result may be that the first therapy provides a 90% chance of success while the second provides an 80% chance of success. If the first therapy is used there is still a 10% chance that it will not be effective, and that may be with your one and only patient for whom the decision analysis was performed. The decision analysis technique predicts which decision has the highest probability of obtaining the desired result
As the variety and cost of monitoring equipment increases and as health care budgets shrink in real terms, a stage will be reached when choices will have to be made between the purchase of different monitoring devices, The best choice in those circumstances will be the monitor that provides the greatest reduction in morbidity and mortality for the least cost A simplified benefit-cost analysis is described below to highlight the necessity for good accurate data on the occurrence of 'incidents' and 'critical incidents' in the practice of anaesthesia. These data are also necessary if prospective trials of the effectiveness or otherwise of new monitoring equipment are to be carried out -Represents a decision-making tree to decide whether to buy and use disconnect alarms. The solid square on the left indicates a decision node. This has two subsequent branches leading to identical tree outlines. Open circles represent chance nodes, the probability that a disconnection will or will not occur. The solid squares on the right-hand side represent costs. The symbol # following each chance node on the lower branch represents 1-(the upper branch probability).
A simplified decision tree examining the monetary cost-benefit analysis of whether to buy and use disconnect alarms is shown in Figure 1 . The solid square on the left indicates a decision node whether to buy and use a disconnect alarm, or not to do so. This has two subsequent branches leading to identical tree outlines. The names of the branches and probabilities are different to enable one to distinguish differences in the probabilities of various occurrences, when an alarm is either used or not used. The upper branch leads to an empty circle which represents a chance node, the probability that a disconnection will or will not occur. If a disconnection does not occur then the lower branch terminates at a solid square, a utility which represents the cost per anaesthetic of using a disconnect alarm. The upper branch leads to another chance node, the chance of discovering the disconnection before permanent damage is done to the patient. The upper branch leads to another utility, the cost per anaesthetic of using the disconnect alarm. The lower branch leads to another chance node, the probability that if permanent injury occurs then the end result will be mortality or morbidity. Each of these branches leads to its own utility, the cost in legal terms of a death or permanent morbidity. Likewise the lower tree has its own appropriate names for the branches and probabilities.
A number of assumptions have been made to simplify this example; assumptions have been made regarding costs and probabilities where these are not available. The cost per anaesthetic of using the disconnect alarm is not added to the cost of morbidity or mortality should it occur. In estimating the cost of morbidity or mortality the emotional cost to the anaesthetist and his family and the patient's family is not taken into consideration. However, decision analysis techniques do offer provision for other such components in terms of 'equivalent cost'. It is stressed that the example below is purely in terms ofjinancial cost-benefit. it is not intended to imply that a negative cost-benefit would lead to a decision not to purchase or use disconnect alarms. At the outset, when estimating values for which there are no hard data, a deliberate attempt is made to bias estimates consistently against one or other strategy. The strategy which you wish to recommend is usually the one biased against, so that if it is evaluated as the best option then the recommendation is much firmer. In this example the use of disconnect alarms will be the option biased against.
We now consider the values to be used in the baseline evaluation. Cost of morbidity is estimated at AUD$200,000. Cost of mortality is estimated at $50,000. These figures are assumed to be the same whether a disconnect alarm is used or not and are underestimated to bias against the use of alarms.
The estimated cost per disconnect alarm is $500 for the actual monitor plus a further $500 per year for servicing. This will bias against the monitor as it is assumed that a new monitor will be purchased each year. If the alarm is used for 500 anaesthetics per year then the cost per anaesthetic per year will be $2.00.
The probability of mortality after a disconnection which is not recognised before permanent damage has occurred to the patient is estimated to be 0.25 and that of permanent morbidity to be 0.75. This is a probable underestimate of the true ratio of mortality to morbidity and due to the higher cost of morbidity again introduces a bias against the use of disconnect alarms.
The probability of a disconnection causing mortality has been estimated to be 1 in 430,000. 4 To obtain this probability the probability of a disconnection occurring during an anaesthetic has been estimated at 0.01 (one disconnection for every 100 anaesthetics given). The probability of recognising this disconnection before permanent damage occurs when not using a disconnect alarm is then estimated to be 0.9975, or looking at it another way, one in 400 disconnections will not be recognised in time to prevent permanent morbidity or mortality. Multiplying these probabilities will give the result of one death in 400,000 anaesthetics due to disconnection. The probability of recognising a disconnection before permanent damage occurs when a disconnect alarm is in use is estimated to be 0.999 or, as it was stated in the last paragraph, one in 1000 disconnections will not be recognised in time to prevent permanent damage. This increase in pick-Up rate over that when no alarm is in use is probably an underestimate and again introduces a bias against using an alarm.
Once the baseline probabilities and utilities have been determined the tree is evaluated. This is done from right to left for each node in turn until the decision node is reached.
Using the baseline values the cost of using a disconnect alarm is calculated at $3.62 per anaesthetic and the cost of not using a disconnect alarm at $4.06 per anaesthetic. Therefore it is more cost effective to use a disconnect alarm with the estimated probabilities and utilities.
A technique exists for evaluating approximations made for the various probabilities in situations when accurate data does not exist. This is done by the technique of sensitivity analysis. A probability is varied from a lower limit to an upper limit in small steps and the tree evaluated for each probability. In Figure 2 the result of varying the probability of a disconnection occurring during an anaesthetic is shown. The threshold is the value for the probability of disconnection at which the cost per anaesthetic of the two strategies is the same. For the above exercise it can be seen from the graph that if the probability of a disconnection is greater than 0.0082 (one chance in 120) then the preferred (cheaper) option is to use a disconnect alarm. It is obvious from the above example that at present we are only able to guess some of the probabilities. Knowledge of their real magnitude is crucial if we are to properly assess the cost-benefit of having a disconnect alarm for every anaesthetising location. Critical incident studies are essential to provide the data necessary to calculate the actual probabilities.
Decision analysis is an internationally used technique in the practice of medicine. Its impact on medical decision making will continue to increase. Unfortunately the results of many analyses done in other countries cannot be applied to the local medical environment without major modifications for differences in quality of medical care, costs, available technology and patient attitudes. It is therefore necessary to develop expertise in this technique in this country. A mechanism to facilitate the creation of the necessary data base and dissemination of information on the technique and on the outcome of benefit-risk analysis is outlined at the end of this issue.
